4 N OV 2003 | | MPEDANCE MEASURI NG APPARATUS FOR ELECTRONI C COVPONENT
BACKGROUND OF THE | NVENTI ON The priority docunment for this applicationéNnvzws
Japanese Patent Application No. 11-221995, is here incorporated by
reference inits entirety. 1. Field of the Invention The present invention
rel ates to an i npedance neasuring apparatus for an el ectronic conponent
using a four-termnal nethod (Kelvin nethod). To sinplify the description
in this specification, an exanple has been chosen involving the
measurenent of a resistance to whichiDC signals are applied. Due to the
natures of DC, the only parasitic paraneters generated in a circuit
are-resistance conponents. Wen neasurenent is applied in the case of AC
signals, though the parasitic paraneters becone inpedances which are

denot ed i : ' r the
measur en@pggma gﬁ&ﬁﬁ?%@%ﬁLgﬁlﬁéﬁgnghggégﬁﬁﬂ therto, a
two-term nal nmethod, as shown in Fig. 1, is used to neasure the |npedance
of an el ectronic conponent. In this case, a nmeasured val ue of the

i npedan BACKGROUNROF FHEINWENION . RM which is nmeasured-using this

met hod, includes contact resistances Rn and RL occurring in measurenent
cables (or termnals), other than the inpedance Rdut of the electronic

conponent , %Lg?ghﬁggﬂ%@ﬁﬁgf&f{ﬁﬁﬁpﬁﬁiﬁﬁh TapahSseJOR ApplRaicd Nace incl udes

| ead-wire resis
11-221995, is here incorporated by reference in its entirety.
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1. Field of the Invention

The present invention relates to an impedance measuring apparatus for an
electronic component using a four-terminal method (Kelvin method).

To simplify the description in this specification, an example has been chosen
involving the measurement of a resistance to which DC sigpals are applied. Due to
the natures of DC, the only parasitic parameters generated in a circuit are resistance
components. When measurement is applied in the case of AC signals, though the
parasitic parameters become impedances which are denoted using complex numbers,

the concepts are akin to those for the measurement using DC signals.

2. Description of the Related Art

Hitherto, a two-terminal method, as shown in Fig. 1, is used to measure the

impedance of an electronic component. In this case, a measured value of the
impedance can be measured asRy = V/I. Ry, which is measured using this method,
includes contact resistances Ry and R occurring in measurement cables (or
terminals), other than the impedance Ry, of the electronic component, which is a

measurement object. This contact resistance includes lead-wire resistances of the

measurement cables or the like. Ry, may be expressed as:




measur enent cables or the Iike. RMnmay be expressed as: 4 NOV 2003 2 00
RVEV/ | =Raut +RH+RL  When RH and RL are very high relative to Rdut, namlﬁﬂnv
the value of R negligible, a neasurenent error results. The contact

resi stances RH and RL vary whenever contact occurs between the nmeasurenent
object and the neasurenent termnals. Accordingly, the influence of R11
and RL cannot be renoved by neans of conpensation or the |ike. Wen the
measurenent error caused by the contact resistances RH and RL is not
negligible, such as a case in which the neasurenment object has a | ow

i npedance, the measurenent may be pérformed using a four-terninal nethod,
as showmn in Fig. 2. In this nethod, the neasured value R = V/I = Rdu, is
obt ai ned, and RH and RL are avoided as measurement error factors. However,
there are problenms in the four-term nal nmethod when contact failure occurs
at voltage detection lines (HF, Li). For exanple, when nmany neasurenent

obj ects are neasured one after another, the Hp line is subject to contact
failure, as shown in Fig. R, #WV/B&rRY,eadRgetRance Cm is generated on the
H line at this tine, the stray capacitance appears to have been charged
by the voltage obtained on the neasurenent object before the present
measur enment of current was obtai ned. When a neasurenent object is neasured

'nthis stat %hénhﬁnfagldllﬂvgrg%er?iﬁgrhelgc :iit?vrt]: tioildm?lt%ltaﬁljnréeige value of R 4,
negligible, a measurement error results. The contact resistances Ry and Ry, vary
whenever contact occurs between the measurement object and the measurement
terminals. Accordingly, the influence of Ry and Ry cannot be removed by means
of compénsation or the like.

When the measurement error caused by the contact resistances Ry; and Ry is

not negligible, such as a case in which the mcasurement object has a Jow impedance,

the measurement may be performed using a four-terminal method, as shown in Fig. 2.
In this method, the measured value Ry, = V/I = Ry, is obtained, and R;; and Ry are

avoided as measurement error factors.

However, there are probleims in the four-termina) method when contact failure
occurs at voltage detection lines (Hy, Lp). For example, when many measurement
objects are measured one after another, the Hy line is subject to contact failure, as
shown in Fig. 3. If stray capacitance Cyp is generated on the Hp line at this time, the

stray capacitance appears to have been charged by the voltage obtained on the
measurement object before the present measurement of current was obtained.
When a measurement object is measured in this state, the following expression is

obtained.



4 NO V 2003 3 RM =V (previous voltage)/ | (present current) = Rd"t (%V'Iﬂﬂl
The value obtained in this manner is not the resistance of the neasure %t
object currently intended to be neasured, as it is influenced by the nost
recent normal nmeasurenment of the neasurenent object. Uere is a possibility
that neasurenent failure may occur on the L1, line as well as the HP line,
for simlar reasons. Therefore, when a contact failure occurs on a voltage
detection line, the nmeasured resistance value is not accurate when a
"pure” four-termnal nethod is used. ,Because such inaccuracies, there is a
risk of delivering defective products instead of good products. In regard
to current neasurenent, when a contact failure occurs at a

current-carrying line He or Lc, neasurenent cannot be perfornmed since the

current | becones zero. It is desirable to use a voltage detection unit
havi ng a high input inpedances Rn.mand RMin the neasuring apparatus, yet
the i nput inpedances are not infinite. |In addition, since the inpedance of

stray capaci tm&evquré%s%mgﬁ)ﬁhgmasmbﬁﬂem$=Rm,gerted so as to be in
paral l el, the Tnput inpedance i's decreased. Accordingly, the voltage

detected at t vol tage detection unit is voltage-divided by the contact

resi st ances and R12, and RRH and R Wien R Mand R, becone too high 4
NOV 2003

The value obtained in this manmer is not the resistance of the measurement
object currently intended 1o be measured, as jt is influenced by the most recent
normal measuremnent of the measurement object. There is a possibility that
measurement failure may occur on the Ly line as well as the Hy line, for similar
reasons.

Therefore, when a oo:itact failure occurs on a voltage detection line, the
measured resistance value is not accurate when a "pure” four-terminal method is used.
Because such inaccﬁracics, there is a risk of delivering defective products instead of
good products. In regard to current measurement, when a contact failure occurs at a
current-carrying line H¢ or L, measurement cannot be performed since the current I

becomes zero.
It is desirable to use a voltage detection unit having a high input impedances
Ry and Ry in the measuring apparatus, yet the input impedances are not ixfinite,
In addjtion, since the impedance of stray capacitance of the measurement cable is
inserted so as to be in paralle], the input impedance is decreased. Accordingly, the

voltage detected at the voltage detection unit is voltage-divided by the contact

resistances Ryp and Ry p, and Ry and Rpy . When Ry and R; p become 100 high



4 to be negligible, a neasurenent error occurs. Since RV and R vary wh§oy 2003
contact occurs between the neasurenent object and the neasurenent cabl es,
the ‘measurenent error due to this cannot be renoved by nmeans of a nethod
such as conpensation. Furthernore, when neasurenent using AC signals is
performed, there is a possibility that neasurenent failure may occur
because of electrostatic coupling or electromagnetically inductive
coupling anong the H and Lc lines, and the H and Lp lines. SUMVARY OF
THE | NVENTJON Accordingly, it is an.ghject of the present invention to
provi de an i npedance neasuring apparatus for an el ectronic conponent in
whi ch use of a sinple circuit prevents a defective product from being

i nadvertently determ ned as a good product when contact failure occurs at

a measurenent termnal thereof. It is angther obj of t resent

i nvent i da begegligibicdd MEASPTERSHRHEY OGBSy }H&Q%&Qﬁé{l@é’a%\y %{Ewg\ aeé(gt roni ¢
conponent whi ch decreases the neasurenent error due to contact resistance.
To this ®uoks batwesencthemeasurament shjectapd dhe measurempnictables, B§vention, there is

provi ded an i npedance neasuring apparatus for an el ectroni c conponent that

Measur eSmbiard HaR e dueto thiecannechbe remaved bymeaas of asiethodsuch@s- t er i nal
nmet hod. The i npedance neasuring apparatus for the el ectroni c conponent

i ncl udescgndenkation, Cll*ui@@fm@fég whémsehivdemencusing A€ signalslis pepforgredect i on | i ne
connected t'o one el ectrode of 4 NOV 2003 _
there is a possibility that measurement fajlure may occur because of electrostatic

coupling or electromagnetically inductive coupling among the He and L lines, and

the Hp and Ly lines.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide an impedance
tmeasuring apparatus for an electronic copponent in which use of a simple circuit
prevents a defective product from being inadvertently determined as a good product
when contact failure occurs at a measurement terminal thereof.

It is another object of the present invention to provide an impedance
measuring apparatus for an electronic component which decreases the measurement
error due to contact resistance.

To this end, according to a first aspect of the present invention, there js
provided an impedance measuring apparatus for an electronic component that
measures the impedance of the electronic component using a four-terminal method.

The impedance measuring apparatus for the electronic component includes a first

cursent-carrying line and a first voltage detection line connected to one electrode of




5 the electronic conponent; a first resistor establishing a connecti ohNOV 2003
between the first current-carrying line and the first voltage detection

| ine; a second current-carrying |ine and a second voltage detection line
connected to the other electrode of the electronic conponent; and a second
resi stor establishing a connection between the second current-carrying

| ine and the second voltage detection line. In the inpedance neasuring
apparatus, the first resistor and the second resistor have sufficiently
hi gh resistances conpared to contact_g.esistances occurring anong the

el ectrodes of the electronic conponent, the current-carrying lines, and the
voltage detection lines. According to a second aspect of the present

i nvention, there is provided an inpedance nmeasuring apparatus for an

el ectroni c conponent for neasuring the  .npedance of the electronic
conponerthe alsichignis coBpeneRs; AlFTeTEPheYRbIPRIRE 3 SonBEHB PRSI > appar at us
for the electronic conponent includes a first currept-carrying |line
connect enirtent-cmeyipg dive pnd theofirst yaltage detecHpp Bnﬁcﬂﬁéﬂ’é‘gful‘é‘?ﬂi' TIYH&r st vol t age
detection line connected to the other electrode thereof, a first resistor
est abl i Shierandoa seeondesltage dsetcion dine sentgctest todhe odher elesiroge fEthe ne and t he
first voltage detection line; a second current-carrying |ine connected to
t he ot hede@t@ié coxiponent;adnd a secemd resisiar eswhiigringia camechon BEBYSENIBE t age
detection line connected to the one electrode thereof; and a second

r esi st or se@shdBhirédticagryipdineemdntle seoond moltagerdepeatipnilinee Imthe t he second
vol tage detection line. In the inpedance neasuring apparatus, the first

resi st or yrandahBeme 8GRINg apparatispthe Treeresisfor and eint sepobd pisistardiage ances
conpared to
sufficiently high resistances compared to contact resistances occurring among the
electrodes of the electronic component, the current-carrying lines, and the voltage
detection lines. |
According to a second aspect of the present invention, there is provided an
impedance measuring apparatus for an electronic component for measuring the
impedance of the electronic component using a four-terminal roethod.  The
jmpedance measuring apparatus for the electronic component includes a first
current-carrying line connected to one electrode of the electronic component and a
first voltage detection line connected to the other electrode thereof; a first resistor
establishing a connection between the first current-carrying line and the first voltage
detection line; a second current-carrying line connected to the other electrode of the
electronic component and a second voltage detection line connected to the one
electrode thereof; and a second resistor establishing the second current-carrying line
and the second voltage detection line. ln the impedance measuring apparatus, the

first resistor and the second resistor have sufficiently high resistances compared to

contact resistances occurring among the electrodes of the electronic component, the



contact resistances occurring anong the el ectrodes of the electronic 4 NOY 200
conponent, the 4 NOV 2003 6 current-carrying lines, and the voltage
detection |lines. The inpedance neasuring apparatus according to the first
aspect of the present invention may be used to effectively determ ne

whet her a product is defective or not when the inpedance thereof is higher
than a standard value. That is, in a neasuring apparatus according to the
first aspect of the present invention, when the nmeasuring term nals and
the el ectronic conponent are in goodgcontact with each other, the result
I's a nmeasurenent equivalent to the four-term nal nethod, and the neasured
val ue is the i npedance of the electronic conponent. If any of the
nmeasuring termnals fails to be in contact with the el ectronic conmponent,

the result is that the rrg surenment, method is converted fromthe equival ent
of a foururreat-samups liney Asd thevoltagq AetEEoR MBSS net hod at an el ectrode unit in

whi ch contact failure occurs. Wien contact..failure. occu e measured
value is i ncﬂ@ggme%ncpmeaéwpmm}pﬁ@twmmtllllgfﬁff%e"’l’%‘%ﬁ{ gﬁ(}t resi st ances.

By pulling-up the voltage detection lines, contac failure
est i nat epresem imvegtion nw%él used ipetiectivedy dptegmye ‘@E‘*‘Vé‘r PIoguttds g%;élct\?/\ge

products as good products. Wen contact failure occ rs,ajal% is.desired to
est i mat eott ie whenahe impefanchthezendishigherfthan aﬁt@ndm‘@g‘%r tEBWah a further

enbodi ment of the present invention, a third resistor nay bg c?nnnect ed to
otfacR

the curr mrhsurgrappagtis sveodingaodbel fitse aspsenok the persent gy erion % he

el ectronic conponent and the first resistor, and a fourth resistor nmay
measuring terminals and the electronic component are in good contact with eac
other, the result js a measurement equivalent to the four-terminal method, and the
measured value is the impedance of the electronic component. If any of the
measuring terminals fails to be in contact with the c)ectronic component, the resultis
that the measurement method is converted from the equivalent of a four-texrninal
method 1o a two-terminal method at an electrode unit in which contact failure occurs.

When contact failure occurs, the measured value is increased by the corresponding

amount of the coptact resistapces. By pulling-up the voltage detection lines, contact
failure may be estimated, to reduce or eliminate the risk of delivering defective
products as good products.

When contact fail_urc occurs, it is desired to estimate the location of the contact
faiture, In accordance with a furfher cmbodiment of the present inventjon, a third
resistor may be connected to the current-carrying line provided between the one
electrode of the electronic component and the first resistor; and a fourth resjstor may

be connected to the current-carrying line provided between the other electrode of the

electronic component and the second resistor. Preferably, the resistances of the

third and fourth resistors are sufficiently lower than the first and second resistors, and




be connected to the current-carrying line provided between the other v 2003
el ectrode of the electronic conponent and the second resistor. Prefer%g9y,
the resistances of the third and fourth resistors are sufficiently | ower
than the first and second resistors, and 4NOV 2003 7 are sufficiently

hi gher than the contact resistances, with the resistors each having a
different resistance value. In this case, by changing the resistances of
the third resistor and the fourth resistor, it is possible to estinate at
whi ch voltage termnal contact failyre occurs. In addition to connecting
resistors to the current-carrying linés, a fifth resistor and a sixth

resi stor nmay be connected to the voltage detection lines. By setting the
resi stances of the third to the sixth resistors so as to be different from
one another, it is possible to estimate every location of the occurrence
of cont g&tsuffdiénthychighérahanyiedontet nsistances yidppearcdverseashhayingat o t he
second aspect of the present invention may be used to effectively

det er ni RRf YRR EEaBcd VA8 C tlni this d8decby Chagimy tha oesistimnes phthei thifddance t her eof
is lower than a standard value. That is, in a neasuring apparatus

accor di pashQ LIemS 6N TARRACH iPpossiBle ©F 35 aMte aTwisith voltagevibeminakont act
failure occurs on any o% the nmeasuring termnals, the neasured value is

decrease(g% { corresponding to the contact resistances, By
pul |i ng-c t\a%tﬂpﬁ’gena\:% sélge detection |lines, contact failure may be

o oduct o as. oL it iorlebiy TS ord AApE calte a Ahde e e e Cor i ng

to the fainiFl Satsixo résri]ﬁorsr%g? QQ conmected to the voltage detection lines. By setting the
resistances of the third to the sixth resistors so as to be different from one another, it
is possible to estimate every Jocation of the occurrence of contact failure.

The impedance measuring apparatus according to the second aspect of the

present inventjon may be used to effectively determine whether a product is defective
or not when the impedance thereof is lower thap a standard value. That js, in 2
measuring apparatus according to the second aspect of the present invention, when
contact fajlure occurs on any of the measuring terminals, the measured value is
decreased by an amount oorrcspondin'g to the contact resistances, By pulling-down
the voltage detection lines, contact failure may be estimated, to reduce or climinate
the risk of delivering defective products as good products.

In the impedance measuring apparatus according to the first or the second
aspect of the present invention, it is desirable to have a sufficiently high input
impedance of a voltage detection unit of the measuring apparatus. When
measurement is performed using AC signals by means of the four-terminal method,

there is a case in which a measuring apparatus has a high input impedance using a DC

signal, yet has low jnput impedance for an AC signal due to input capacitance. In



aspect of the present invention, it is desirable to have a sufficientlyygy 2003
hi gh i nput i npedance of a voltage detection unit of the neasuring :
apparatus. Wien nmeasurenent is perforned using AC signals by neans of the
four-terminal method, there is a case in which a neasuring apparatus has a
hi gh i nput inpedance using a DC signal, yet has |ow input inpedance for an
AC signal due to input capacitance. In 4 N OV 2003 8 addition, even though
the input inpedance of the measuring apparatus is high, the input

i npedance thereof is |owered due to _gtray capacitance of a nmeasurenent

cable. In these cases, preferably, by inserting a voltage foll ower having a
hi gh i nput i npedance ahead of an input unit of the neasuring apparatus,

the influence due to contact failure is | essened, which can decrease the
measurenent error. The voltage foll ower

- i s_preferabl ' @n at | east
the hi ghedditien, exefethoygh die inpyt impgdante of e Wg?stuélé‘g 383%30 sﬁ%ﬁgﬁgﬁes. It may
be provided .on the | ower- voltage detection side of the voletn?ga%lget ection
| i nes whimpunizpedeneetherasf isdaveredslue e strayspagianes AEA TIPS L 5h be
performed by inserting resistors in the measuring circuit. $Since no
par ti cul ain these cests, geeferablyoby ipsersing & veiage loHOVETR '&W%H&Pﬁ i ng appar at us
in accordance with the present invention may advant ageouslg be realized
with | owmepatancEiidal dDESERHUPTHIDNS Of MeEuDRARPPISts; he ifiuense dps 19, ¢ di agr am
of an inpedance neasuring apparatus using a conventional two-term nal
met hod; contact failure is lessened, which can decrease the measurement error. ,
The voltage follower is preferably provided on at least the higher-voltage
detection side of the voltage detection lines. It may be provided on the lower-
voltage detection side of the voltage detection lines when necessary.
In addition, the impedance measurement can be performed by insertiog
resistors in the measuring circuit.  Since no particular contact detection circuit is
required, the measuring apparatus in accordance with the present invention may

advantageously be realized with low cost.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1is a circuit diagram of an impedance measuring apparatus using a
conventional two-terminal method;

Fig. 2 is a circuit diagram of an impedance measuring apparatus using a

conventional four-terminal method;

Fig. 3 is a circuit diagram in a case in which contact failure occurs on a voltage

detection line using the conventional four-terminal method;

Fig. 4 is a circuit diagram of a first embodiment of the impedance measuring

apparatus according to the present invention;



Fig. 2 is a circuit diagramof an inpedance neasuring apparatus usin%J@ K
conventional four-termnal nmethod; Fig. 3 is acircuit diagramin a c J ?R
whi ch contact failure occurs on a voltage detection [ine using the
conventional four-termnal nmethod; Fig, 4 is a circuit diagramof a first
enbodi ment of the inpedance neasuring apparatus according to the present

I nvention; 4 NOV 2003 9 Fig. 5is a circuit diagramof a second enbodi nent
of the inpedance neasuring apparatus according to the present invention;
Fig. 6 is a circuit diagramof a thirg. enbodi rent of the inpedance
measuring apparatus according to the present invention; Fig. 7 is a
circuit diagramof a fourth enbodi nent of the inpedance neasuring

apparatus according to the present invention; and Fig. 8 is a circuit

di agram of a {f.ifith enbodi.nent of the i d par at us
according to ’{’ﬁ- BrRsusHht d?%&”éﬂ?iﬁﬁ?%@l@%%ﬁ@#ﬁ@%ﬁ%%&%D ENVBODI NENT
Fig. 4 shows a first enbodifent of an inpedance neasuring apparatus using a
f our - t er FCASMINZAPRATAULAS PRI ePFFé"’TJtrqB B nvention. This neasuring
apparatus is_used for estimating whether a product. is.defective in a case
in which, forFléx@lﬁﬁl“éTF“n&liﬁgFmt?éﬁéli'“‘fg Q‘F‘EFF‘W e?ﬂgeinﬁ%«gﬁﬁ%e t her eof
is higher than a standard value. In the figure, Rd,,t is an electronic
conponenapparatus aceas dmg e the Preésam inveBHeRt |

Fig. 7 is a circeuit diagram of a fourth embodiment of the impedance measuring

apparatus according to the present invention; and
Fig. 8 is a circuit diagram of a fifth embodiment of the impedance measuring

apparatus according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 4 shows a first embodiment of an impedance measuring apparatus using a
four-terminal method according to the present invention. 'This measuring apparatus
js used for estimating whether a product is defective in a case in which, for example,

an inductor is defective when the impedance thereof is higher than a standard value.

In the figure, R, is an electronic component, which is a measurement object,

and Ty, and T, are electrodes of the measurement object R ;.- An impedance
measuring apparatus 1 includes a current source 2 (here, it is represented as a direct-
current source, yet it may be an alternating-current source), an internal resistor 3, an

ammeter 4, and a voltmeter 5. The current source 2 is connected to current

terminals 6 and 7 via current-carrying lines H, and L, respectively, and the voltmeter

5 is connected to voltage terminals 8 and 9 via voltage detectjon lines H,, and L,



and T. and TL are el ectrodes of the nmeasurenent object Rd a. An inpedy 2003
measuring apparatus 1 includes a current source 2 (here, it is represented
as a direct- current source, yet it nay be an alternating-current source),
an internal resistor 3, an ammeter 4, and a voltneter 5. The current
source 2 is connected to current termnals 6 and 7 via current-carrying
lines H and L. respectively, and the voltneter 5 is connected to voltage
terminals 8 and 9 via voltage detection lines H and LP, 4 NOV 2003 -10
respectively. The current terminal 61@nd the voltage termnal 8 are
constructed so as to be in contact wi.th one electrode TH, while the
current termnal 7 and the voltage termnal 9 are constructed so as to be
in contact with the other electrode TL. RHc and RLC are contact resistances
gener at ed bet.ween E_Fe ur.r ; ] cldd soaRd bet ween
the cur r'ﬁ?ec%l@? n B?ET ﬁﬁqgﬁhgﬁﬁéaeo@%@%@cﬁ&g%,ﬁ] each of which
includes a lead-wire resistor Qf _a neasyrenent cable i form ng
the cor r@%ﬁ(ﬁﬂﬁ&%\whéﬁﬁ-ﬁ@&FPa? iy {Vrﬁ%e @HF“L%WQ?%EQ h{r.é:"’sdll %E‘gr RH is
connected between the current-carrying line He and the voltage detection

line |igRmiiil 0RrétsnstRonRdchad td be nnedcewith ohkeothier elaetgode Eecond r esi st or
RLI is connected between the current-carrying line Lc and the voltage

detection |i Lp, ich ar connect e indl6 The
resi stances ( m%é@gnhﬁfl’éfcofga(ft ﬁ?s}s%'fcss[%é‘tepaftﬁ]g%@%%g%%ggﬁ {?‘g@imsﬂtlors RHL,
and RL1 are preferably set to be sufficiently higher than  resistances
(nor mal | yud deudecttaledPy, hed betwaenithy cumend fermidalygnddhe elscopie Ipont act

resi stances RHC, RLc, RHP, and RLp. That is, it is preferred that the

resi st ang@ped@ivRly, each of which includes a lead-wire resistor of a measurement cable or
the like férming the corresponding current-carrying line Hcor Le. A first resistor
Ryy, is connected between the current-carrying line H.. and the voltage detection line
Hp, which are connected to one electrode Ty, and a second resistor Ry ; is connected
between the current-carrying line L and the voltage detection line L, which are

- connected to the other electrode Ty, The r.esistanccs (for example, 100 k(2) of the

first and second resistors Ry, and Ry, are preferably set to be sufficiently higher than
resistances (normally, equal to or below 10 ) which are norma] for the contact
resistances Ry, Ry Ryppy and Ryp.  Thatis, jt is preferred that the resistances are

related as follows.

RH]. >> RHO Rm

RLI >> RLO R]J)

Here, input impedances Ry and Rpg of the voltmeter 5 of the measuring




related as follows. RHt > > RHO RHP RL1 > > RLO RLp Here, input irrpeda41ﬁ§ﬁ
Rn,,H and RINL of the voltneter 5 of the neasuring 4 NOV 2003 -11 appa 3003
| are assunmed to be sufficiently high. The neasured val ue RM of the
above-descri bed neasuring apparatus | is given by the follow ng

expression. RM=V/ | = Rd. + RHCRHP 1(RHC + R, + RH1) + R L,p!(R>c +

R1, + RLI) (2) Wen the above-described neasurenent termnals 6 to 9 are in
good contact wth the neasurenent object Rt (RHO RRe, RHO and RLV are,"
for exanple, below 10 S2), the measuf ehent is equi valent to the one using
a normal four-termnal nmethod. Since the second and third terns of the
above-descri bed expression becone approximately zero, RM = V/ | = Rdw is
obt ai ned. When the voltage termnals 8 and 9 are not in contact with the
measur ement 2ppatsitesck arejassugeddp basuifisienthilgh.cont act failure occurs on the

vol tage detection line Ho and/or L , the neasured value is as foll ows.

When t he vol t ag@&he ereadured v&du¢ Rpyeofthe aboverdescribedmieasuning appaaatus it giveohe

nmeasur enent object, RM= V/I = Rau, + RHC. When the voltage termnal 9
(the L Iir@)thgsolmﬁng'@;pf@g]bﬁct wi th the neasurenent object, RM=V/  Ra"

+ RLc , When neither of 'the voltage termnals 8 and 9 (the H and Lp

lines) are contact with the neasurenent object, R = V/I = Rd,, + RHC +

Ry = V/I = Row + RucRip A(Ruc + Ryp + Ri)) + RieRip/Rec + R +Ry)  (2)

When the above-described measurement terminals 6 to 9 are in good contact
with the measurement object Ry, (R Ry Ryp, and Ry are, for example, below

10 ©2), the measurement js equivalent to the one using a normal four-terminal

method. Since the second and third terms of the above-described expression
become approximately zero, Ry, = V/I = Ry, is obtained.
When the voltage terminals 8 and 9 are pot in contact with the measurement

object, in other words, when contact failure occurs on the voltage detection line Hy
and/or Ly, the measﬁrcd value is as follows. When the voltage terminal 8 (the Hp
liné) is not in contact with the measurement object, Ry, = V/I = Ry, + Rye- When
the voltage terminal 9 (the Ly line) is not in contact with the measurcment object,
Ry = VI =Ry, + Ry When neither of the voltage terminals 8 and 9 (the Hy

and L; lines) are contact with the measurement object, Ry, = V/I = Ry, + Ry +

RLC'

In accordance with the present invention, when contact failure occurs, the




RLc. In accordance with the present invention, when contact failure oddiNs2(3
the 4 NOV 2003 12 neasured val ue may be increased by the correspondi ng
anount of the contact resistances by pulling-up the voltage detection
lines. In this way, the present invention is able to nore accurately
determ ne whether a product is defective or not, when the resistance
thereof is higher than a standard value. Hence, the risk of inadvertently
sel ecting a defective product as being a good product nay be reduced or
avoi ded. On the other hand, when theipesistance is |less than the standard
value (in spite of the inclusion of the contact resistances) the present

I nvention naturally determ nes the product as being a good product.

Li kewi se, the present invention may al so be used to detect the case in

which t ' 6 ' t i tact mith th t
00 e S0 5 Hebefy ol Sy Bbobiof LA ot Pobile oo ST
th t .0bj ect = V/ = Raj + .V th t ot i nal
("% e oS P e Rt oberatTnd. BB SR BBt U
= Rdut + R _Acc, ' ly, th |t is that  th A b
cons:Jder‘@ﬁeqli?cno’écoggH{géﬁ?T\?éﬂcgmrﬁe #%‘i’tﬁwl 2 By ﬁé%é?‘%%?s\réggcr@’giz qﬂaﬁ% em&*t hod
using the H , and Le lines. Fig. 5 shows a second enbodi nent. of the

measur i n‘ﬁh‘?ibg’&ﬂ&f‘ﬁl'én%@ﬁf"(ﬂfhbb‘%&ﬂ tharea prapdatdivalusy e Rlemgh theHsERL i s an

exanple in which a part of the measuring apparatus shown in Fig. 4 is
nodi f i edPadyerieadlyselaping slefectiveipiodum asibeinna goediprodert maebe reduced or

avoided. On the otber hand, when the resistance is less than the standard value (in
spite of the inclusion of the contact resistances) the present invention naturally
determines the product as being a good product.

Likewise, the present invention may also be used to detect the case in which
the current terminal 6 or 7 is not in contact with the measurement object. When the
current terminal 6 (the H line) is not in contact with the measurement object, Ry, =
V /1 =R+ Ryp. When the current terminal 7 (the L. line) is pot in contact with
the measurement object, Ry = V/1 = R, + R;p. Accordingly, the result is that
the measurement may be considered to be effectively performed by means of a two-
terminal method using the Hy and L, lines,

Fig. 5 shows a second embodiment of the measuring apparatus according to
the present invention, which is an example in which a part of the measuring apparatus
shown in Fig. 4 is modified. In accordance with this embodiment, the voltage
detection liﬁes or the current detection lines on which a contact failure occurs may be
detected when the resistance of the mcasun.:mcnt object is relatively low, based on

the measured value.



detection lines or the current detection |lines on which a contact fmltﬁQQVImm
occurs nmay be detected when the resistance of the neasurenent object is
relatively low, based on the neasured value. 4 NO V 2003 -13 Athird
resistor RH3 is connected to the current-carrying |line Ho provided between
one electrode T. of the neasurenment object Rdut and the first resistor RHI
and a fourth resistor RUis connected to the current-carrying line L.

provi ded between the other electrode TL thereof and the second resistor
RLt. Afifth resistor RH4 is connectldd to the voltage detection line H,
provi ded between one electrode TH thereof and the first resistor RH, and
a sixth resistor RLa is connected to the voltage detection line Lp

provi ded between the other electrode TL thereof and the second resistor

RL ar o pr of &8 SR eatn ot <sEie Jo MiCabtlchair ik BhERFegihaed 0, 1110 71

first and the second resistors Rit and RLt, and are sufficiently higher

t han t hebeteses vanekstrofe T of threempzsunemhentabjach B 46 and thet finserssistaideas RHO,
RLc, Rm, and R In addition, each of themis different from one another.
That 1S, ahdial : i o0 13 a : follows. RH
R, i O R B e B L PR Rt s
about 100 nf, when_ values which RHQ RLC, RHp, and %(P cgr]_jﬂ)ornal |y take
are bel ohetveen thepfhenpleptredasithegeof and ghe secapyl resistagliy ;— th resistor

R}y, is connected to the voltage detection line Hp provided between one clectrode Ty
thereof and the first resistor Ryy,, and a sixth resistor R, , is connected to the voltage
detection line L, provided between the otber electrode Ty thereof and the second
resistor Ry ;. The resistances of the third to the sixth resistors Ry, Rys, Ry, and
R, , are preferably each sufficiently lower than the resistances of the first and the
second resistors Ry and Ry, and are sufficiently higher than the resistances which
are normal for the contact resistances Ry, Ry, Rygp: 30d Ry p-  In addition, each of

them is different from one another. That js, it is preferred that the resistances are

related as follows.

Ry, >> Ry Ry >> Ry Ryp

For example, when R, is about 100 mQ, when values which Ryo Ry ¢ Ry,

and Ry p can normally take are below 1 Q, and when Ryyy = 20 O, Ry 3 = 10 Q, Ry, =



4 NOV 2003 -14 40 S2, and RL4 = 80 f2, the neasured value varies in 4 NOV 2003
accordance with the |ocation of the occurrence of contact failure, and may
be determ ned as foll ows. Wen contact failure occurs on the H line, the
measured value is in the 20 L region. Wen contact failure occurs on the
L.e line, the neasured value is in the 10 n region. Wen contact failures
occur on both of the Hp line and the L line, the neasure value is in the
30 E2 region. Wen contact failure occurs on the HC line, the neasured
value is in the 40 fl region. Wen eddtact failure occurs on the LC |line,
the nmeasured value is in the 80 f2 region. Wien contact failure occurs on
both of the HC line and the LC line, the neasured value is in the 120 S2
region. As described above, the |ocation of the occurrence of contact

failure et ergy Je t Neas lation of
t he enbo |m‘e§1) dghb\fnéﬂl '(2 %Fgﬁé aggret(a hq'ealureg’glnsgg @rgc@ﬂxgén%%fﬂﬁ%g%%@%@t be

i ncl uded.. That is, although_the current-carryi rglg lines HC and Lc, and the
vol t age thetoseymrenee|of sentart failpke, andimay be dakcemanedas follaws: eSYRIOTWRE R R, 3,
RH4" and RL, respectively, the resistors RH4 and RL4 provi ded on the

cur r ent - faélnreydgegrs dnhe HiHineatlse meoasuredyadet isve the 20cQnegien.onMhesd. This is
due to the fact that the resistors RH4 and RL4, which serve to detect

contact {GddiSIRE obifts SHIEDS it st Blud & in HEHOO rbfion ! | N9 _about no

measurenent error as |long as no contac re occurs on —elther of the

vol t age detection |ines Hp and Lﬂ? Fig. 6 shows a third enbodi nent of the
irrpedancgﬁ%?ﬂé:gﬂwwla{?ﬁ%’d@ both of the'Hy line and the L; line, the measure value

is in the 30 Q) region. When contact fajlure occurs on the H line, the measured
value is in the 40 Q region. 'When contact fajlure occurs on the L. line, the
measured value is in the 80 Q region. When contact failure occurs on both of the
He line and the L, line, the measured value is in the 120 Q region.  As described

above, the location of the occurrence of contact failure may be determined based on

the measured value.

In a varjation of the embodiment shown in Fig. 5, the resistors Ry, and R,
need not be included. That is, although the current-carrying lines H¢ and L, and
the voltage detection lines Hy, and L, are connected to the resistors Ry, Ry 3, Rygq,
and Ry ,, respectively, the resistors Ry;, and R, , provided on the current-carrying lines
H_ and L, respectively, can be omitted. This is due to the fact that the resistors
Ry, and Ry, which serve to detect contact failure on the current-carrying lines He
apd/or L, bring about no measurement exror as long as no contact failure occurs on

cither of the voltage detection lines Hp and Ly.

Fig. 6 shows a third embodiment of the impedance measuring apparatus




4 NOV 2003 - 15 according to the present invention, This neasuring 4 NOV 2003
apparatus is used for estimation in a case in which a product is defective
when the inpedance thereof is |ower than a standard value. A first
resistor R is connected anong the curTent-carrying |line Hc connected to
one el ectrode TH of the neasurenent object Rd,,,, the voltage detection
line connected to the other flectrode TL. A second resistor RL2 is
connected between the current-carrying line LC conzected to the other

el ectrode TL and the voltage detect-ildén Iine HP connected to the el ectrode
TI4. The resistances (for exanple, 50 k 0) of these first and second
resistors RH2 and R12 are preferably set so as to be sufficiently higher-
t han val ues (nonnally, equal to or below 10 fl) whicb are normal for the

contact HEr&hRRS bR frEkent Mventi&HiD, T]ﬁ@ﬂcﬁlﬂ%@ Jaéﬁﬁrahﬁ is h§ed'f§r Qtﬁﬁﬁfdiled t hat

the resistances are related as follows > > RLO RLp

I'n the ”&?5\:‘5*’]9 %&E}Zﬂr Hﬁct'x??éé‘re&}xe‘ivl{eﬁ{ﬁﬁé‘1&@%@5& tﬂe%def‘f%%v}&?ﬁté;sa on the

vol t age tection Hp and pically
related N . Rm=- Rc (when the H fine is not in contact) Rm= -
mﬁﬁnd%rﬁa [ine is not in contact) 4 NO X403 '

A first resistor Ry, is connected among the current-carrying line He connected
to one ¢lectrode TI-{ of the measurement object R 3, the voltage detection line L
connected to the other electrode T;. A second resistor Ry, is c.onnected between
the current-carrying line L connected to the other electrode Ty and the voltage
detection line Hp connected to the electrade Ty.  The resistances (for example, 50 k
Q) of these first and second resistors Ryy, and Ry, are preferably set so as to be
sufficiently higher than values (normally, equal to or below 10 £2) which are normal
for the contact resistances Ryc, Ry, Ryp, and Ryp.  That is, it is preferred that the

resistances are related as follows.

Rys >> Ryc Ry
Ri,>> Ry, Ryp
In the measuring apparatus in Fig. 6, when contact failure occurs on the
voltage detection lines Hy and/or Ly, the measured value Ry, is typically related as
follows.

! Ry = - Ry (when the Hy, line is not in contact)

Ry = - Ryc (when the Ly, line is not in contact)




-16 RM = - Rdut - RLC - RHC (when neither Hp nor Lp is in contact) 4 NOV 2003
Accordingly, when contact failure occurs on the voltage detection lines Hp
and in this manner, by pulling-down the voltage detection lines, the
measured val ue decreases. Hence, in a manner of selection in which a
product is judged to be defective when the resistance of the product is

| ess than a standard value, the risk of inadvertently selecting a
defective product as being a good product may be reduced or avoided. Fig.
7 shows a fourth enbodi ment of the inmpgedance nmeasuring apparatus according
to the present invention, wherein the fourth enbodinent is a variation of
the enbodinent in Fig. 6. In Fig. 6, when contact failure occurs, a
nmeasured val ue my be negative in some cases. In those instances that it
is desired for the neas alue to be positive,_ or in the case in which
t he neasured val u'Ms d mF&LCt éll-me(“ihﬁ“tnﬁghﬂpﬂniéphhiﬁ%Fof&aﬁbedeterm ned
resi stance even though contact failure occurs, as showmm in Fig. 7, the

resi stors RxlAatutdimgly, &hen eomthctifaibire 'oabiry &QHE‘G@&@@ deBIcYiBR ints ', and
correspondi ng current- carrylng Ilnes and the correspondi ng voltage

det ect B trod ddi t |
o the r P maEh bRl G sgpﬁ%&s iR ames b pieanreayiRe)) of

these resjstors RHL and RL1 are referably set so as to be sufficiently
hi gher tﬂ&ﬁ%ﬁsuegeeﬁ%mwi}meéq ection an whidhcyproduet)is judged tebear e nor nal
for the contact resistances RHO RLC, RHp, and RLp. In the above-descri bed
measur i ngefashue whem thegesistanemotide preductisdessaban s standardhvalueptheaisk ofet ect i on
lines Hp and/or Lp, the neasured val ue can be seem ngly offset

inadvertently selecting a defective product as being a good product may be reduced or

avoided.

Fig. 7 shows a fourth embodiment of the impedance measuring apparatus
according to the present invention, wherein the fourth embodiment is 2 variation of
the embodiment in Fig. 6. In Fig. 6, when contact failure occurs, a measured value
may be negative in some cases, In those jnstances that it is desired for the measured
value to be positive, or in the case in which the measured value is desired to be in the
proximity of a predetermined resistance even though contact failure occurs, as shown

in Fig. 7, the resistors Ry, and R;, are each preferably connected between the

corresponding current-carrying lines and the corresponding voltage detection lines

that are in contact with the same electrodes jn addition to the resistors Ry and Ry,
The resistances (for example, 100 k Q) of these resistors Ry, and R, are preferably

set so as to be sufficiently higher than values (normally, equal to or below 10 Q)

which are normal for the contact resistances Ry Ry, Ryp, and Ryp.
In the above-described measuring apparatus, when contact failure occurs on

the voltage detectjon lines Hp and/or Ly, the measured value can be seemingly offset



4 NOV 2003 .17 to some extent by causing the voltneter 5 to detect whatNOVs2003
obt ai-ned by vol tage- dividing the applied voltage using these resistors RH'
RLx, RH2, and R These resistances and the voltage-divided ratio are
selected in accordance with the neasurenment object Rdur Fig. S shows a
fifth enbodi ment of the inpedance neasuring apparatus according to the
present invention. As shown in the first to the fourth enbodi nents, in
order to actually use a nethod in which the voltage detection |lines are
pul | ed-up or pulled-down, it is prefeffed that the input inpedances Rl and
RINL of the voltage detection unit of the neasuring apparatus 1 be
sufficiently high. For exanple, there is a case in which a neasuring
apparatus has a high input inpedance for a DC signal, yet has a | ow input

i npedance tbeomarxibt by graingdhevélinétepsito apaciiad RCsbtaihéd Bidbitdgen, there is
a case in which the input inpedance of the neasuring apparatus is |owered

due Lo st IEHdARESHHIRASRIRfe SUTIPRELRURKRL, RADEE, k1) LAFRE, capa, when, as

shown in the first to the Tour enbodi nen resfstances are

and L., 1 AEetn S abd I et %ol B elecieh astganerp ki onbo men

vol tage foll owers VFH and VFL having high input inpedances are inserted
ahead of tIEAsytsmenyebigetReti on unit (He, L1) of the neasuring apparatus 1,
wher eby the neasurenent error due to contact resistances decreases. The
vol tage fol | owBigs8 viivs fifih Winbodiatene of thedmpaddrice Gidagmesy AgiRrataput

according to the present invention.

As shown in the first to the fourth embodiments, in oxder to actually use a

method in which the voltage detection lines are pulled-up or pulled-down, it is

preferred that the input impedances Rpy; and Ry of the voltage detection unit of

the measuring apparatus 1 be sufficiently high. For example, there is a case in which

a measuring apparatus has a high input impedance for a DC signal, yet has a low

input impedance for an AC signal due to input capacitance. In addition, there is a

case in which the input impedance of the measuring apparatus is lowered due to stray

capacitance of a measurement cable. In these cases, when, as shown in the first to

the fourth embodiments, contact resistances are added to be in series with the
corresponding voltage detection lines Hy and L, the measurement error increases.
Accordingly, in this embodiment, voltage followers VF;; and VF, having high
input jmpedances are inserted ahead of the voltage detection unit (Hp, Lp) of the
measuring apparatus 1, whereby the measurement error due to contact resistances
decreases. The voltage followers VFy and VF; serve to greatly enhance the input

impedance of the measurement system observed from the measurement object side



i npedance of the nmeasurenent system observed fromthe nmeasurenent objegk0y 2003
side.4 NOvV 2003 f8 as well as to greatly reduce output inpedance of the
measur enent obj ect observed fromthe nmeasuring-apparatus side (inpedance
conversion). In order to avoid the occurrence of unnecessary noi se, a

| ow- noi se type operational anplifier or the like is desired to be used to
formthe voltage followers VFn and VHL. Fig. 8 shows an enbodi nent in which
the voltage followers VFH and VFL are applied to the enbodi ment shown in
Fig. 4. In the same manner, the voltag®- foll owers can be applied to the
enbodi ments in Figs. 5, 6 and 7. In addition, it is effective that the

vol tage followers VFH and VFL are provided on the higher-voltage detection
side of the voltage detection lines Hp and L~. It should be understood that
t he presens weéllsslogieaty ofdupe etput gupddanisobihe MR sRHRSEbjetBIRBLEEN are
exenplary and not Iimted in every respect. The scope of the invention is

defined byronhtheappmuriagapparans sfdat(hﬁpcdaha@c@(refs'ﬂﬁl)ﬂe?ﬂ?ﬁdéf @avdid gfecdi N9
them and all changes that fall within the scope of the clains, or

equi val enoecuefensel o ungserefanoioide & 16W-Boi¥E tyR dherdtidda i hogkyged by
the clains. KO 2003 _19 U&H&%\T IS CLAI I@:eil ?ﬁAﬂﬁﬁg%ﬂée gﬁé}égﬁriégguri ng

appar at us g fedad be%@&&@i&&ﬁxgh?%ﬁ?%&%ﬂo&% vwﬁgf%gda'{zﬁgg | npedance of an

el ectroni c conponent usl ng ermn he
Fig. 8 shows an embodiment in which the voltage followers VF,; and VF, are
applied to the embodiment shown in Fig. 4. In the same manner, the voltage

followers can be applied to the embodiments in Figs. 5, 6 and 7.
In addition, it is effective that the voltage followers VFy and VF; are provided

on the higher-voltage detection side of the voltage detection lines Hp and L.

It should be understood that the present disclosure of preferred forms of the
present invention are exemplary and not limited in every respect. The scope of the
invention is defined by the appended claims rather than by the description preceding
them, and all changes that fall within the scope of the claims, or equivalence of such

scope of the claims, are intended to be included by the claims.




IE
| npedance neasuring apparatus for the el ectronic conponent conpri si ng:l'gt[W n

first current-carrying line and a first voltage detection |ine connected to
one electrode of said electronic conponent; a first resistor establishing
a connection between said first current- carrying line and said first

vol tage detection line; a second current-carrying |ine and a second vol t age
detection |line connected to the other electrode of said electronic
conponent; and a second resistor establishing a connection between said
second current- carrying |line and Wi-1%econd vol tage detection |ine,
wherein said first resistor and said second resistor have sufficiently high
resi stances conpared to contact resistances occurring anong the el ectrodes
of said electronic conmponent, the curTent-carrying |ines, and the voltage
det ect i orfWHAESS CLAIMEDIISPedance neasuring apparatus for an electronic
conponent according to Claim1l, further conprising: a thirdyesistor

connected to gaid Ah'ilﬁincrfa'ﬁfzé ﬁﬁhslﬁﬁf#rea@aﬁtﬁfe?aﬂm&aﬁéclag.ﬁ;vsﬁ%nfof he one

el ectrode of said electronic conpo and said first resrstor; and a

: A . : ThO _ . . % ted
ourthn rempsy 5@@1@%@& é&e]?%%:é@ééﬁ@e%’ﬁ&ﬁé‘ﬁ’fmﬁ?t’éﬁﬁitnrﬂgﬁx'gtﬂgg? oVl ae

bet ween the ot ctrode o tronic” conponen second

ot o bR 16 6o 0 Eamibn R b L2 0r 2
said first r e?iifﬁgtocqln%ﬂgcaﬁ’ﬁjilqg ﬁfecéjﬂhda fifst 'vc?l Ogre ‘defction line connected to one
electrode of said electropic component;
a first resistor establishing a connection between said first current-carrying line
and said first voltage detection line;
a second current-carrying line and a second voltage detection line connected to
the other electrode of said electronic component; and
a second resistor establishing a connection between sajd second current-
carrying line and said second voltage detection lihe,
wherein said first resistor and said second resistor have sufficiently high
resistances compared to contact resistances occurring among the electrodes of said

electronic component, the current-carrying lines, and the voltage detection lines.

2. The impedance measuring apparatus for an electronic component
according to Claim 1, further comprising:

a third resistor connected to said first corrent-carrying line provided between
the one electrode of said electronic component and said first resistor; and

a fourth resistor connected to said second current-carrying line provided

between the other electrode of said electronic component and said second resistor,



sufficiently high conpared to the contact resistances occurring anong %h@y 2003
el ectrodes of said electronic conponent, the current-carrying |lines, and
the voltage detection Ilines, and are different fromeach other. 3. The

i npedance measuring apparatus for an el ectroni c conponent according to
Claim1, further conprising: a voltage follower having a high input

| npedance and inserted on at |east the higher-voltage detection side of
the voltage detection lines provided anong said first resistor, said
second resistor, and the neasuring apphratus. 4. An inpedance neasuring
apparatus for an electronic conponent for neasuring inpedance of the

el ectroni c conponent using a four-term nal nmethod, the inpedance neasuring
apparatus for the electronic conponent conprising: a first current-carrying

vol tage. det eot Tt RRseeaaaet By 4 Fs oSG IOBh CATBPRE g |12

vol t age detection |ine connecte first

i st i i ti . t i f.i t .ent - i [ i
and sar o FF PERPUR OonereGRRARR SR SRl Bpd st PP AR G Te®
Sl age: SuleBichly RO imrRrc bl B GoRGet e ontes ChuRie GuienEr EBruotita o NOY
2003 -21 second resi stor establishing a cqonnectiqn between said second
o ont ~ oR R SfeRTopfe pamipe R it <o GAROPE HO §8¢ DRk YOUtEF Arseon

lines, and are different from each other.

3. The impedance measuring apparatus for an electronic component
according to Claim 1, further comprising:

a voltage follower having a high ipput impedance and inserted on at Jeast the
higher-voltage detection side of the voltage detection lines provided among said first

resistor, said second resistor, and the measuring apparatus.

4, An impedance measuring apparatus for an electronic component for
measuring impedance of the electronic component using a four-terminal method, the
impedance measuring apparatus for the electronic component comprising:

a first current-carrying line connected to one electrode of said electronic |
component and a fixst voltage detection line connected to the other electrode thereof;

a first resistor establishing a connection between said first current-carrying line
and said first voltage detécﬁon line;

a second current-carrying line connected to the other electrode of said
electronic component and a second voltage detection line connected to the one

electrode thereof;, and \




wherein said first resistor and said second resistor have sufficiently hNQ%2m3
resi stances conpared to contact resistances occurring anong the el ectrodes
of said electronic conmponent, the current-carrying lines, and the voltage
detection lines. 5. The inpedance-neasuring apparatus for an electronic
conponent according to Claim4, further conprising: a voltage follower
havi ng a high i nput inpedance and inserted on at |east the higher-voltage
detection side of the voltage detection |ines provided anong said first
resistor, said second resistor, and tRg-nmeasuring apparatus. 6. A
four-term nal type inpedance nmeasuring apparatus for nmeasuring inpedance
of a device under test, said inpedance neasuring apparatus conprising: a
vol tage detection path electrically connected between first and second

term nal's whi Ghedsif felisth mﬂhéﬁ?ﬁrél é;éebdl%%nt BRwEEY L5 @ diBHg Lur&RL . LHe

voltage detection path characte by a voltage detection path

I st I ' I st R, lated with
a1 r s PR E SRofa et LefRIbAThe 73l Shce R, hseoci at ed wi i1

résistance R, associated with
sai d second tenmnal.. . Jreter el ectricalla copnected i n between
the first and %&ges%iﬁigg r?g%’tﬁ} %’i‘?galggecgﬂﬂcs °'s‘!;ﬁ"85‘ﬁ'ﬂ°58%5%§@t ection path,
a vol tage_readi ng across, sai oltage neter bein epresented as, V; 4 Nov
2003 - 22 HBARCETOMAEL 19 Gintach forisTces SRCRMEARAHHDE FIFUREERISAY i rd and
fourth termnals which aile i N conmuni chation V'\_'Lth t he devi.ce under test,
t he cur r eHfctronic component, the current-carrying lincs, and the voltage detection lines.

5. The impedance measuring apparatus for an electronic component
according to Claim 4, further compn:sing:

a voltage follower having a high input impedance and inserted on at least the
higher-voltage detection side of the vé)ltage detection lines provided among said first

resistor, said second resistor, and the measuring apparatus.

6. A four-terminal type impedance measuring apparatus for measuring
impedance of a device under test, said impedance measuring apparatus comprising:

a voltage detection path electrically connected between first and second
terminals which are in communication with the device under test, the voltage
detection path characterized by a voltage detection path resistance which comprises a
fixst contact resistance R,y associated with said first texminal and a second contact
resistance R, , associated with said second terminal; and

a voltage meter electrically connected in between the first and the second

terminals as part of said voltage detection path, a voltage reading across said voltage

meter being represented as V;




detection path characterized by a current detection path resistance WiiNW 7003
conprises a third contact resistance Rue associated with said third
termnal and a fourth contact resistance RLC associated with said fourth
terminal; a current neter electrically connected in series with a current
source between the third and the fourth termnals as part of said current
detection path, said current source providing a current represented as |
through said current neter; a first resistor Rut having one end connected
to the current detection path between.said current neter and said third
term nal and having an other end connected to the voltage detection path
‘between said voltage neter and said first termnal; a second resistor RL1
havi ng one end connected to the current detection path between said

t t ' , ] I ' .0f h t ed
Co Lhe vort ade tend BeftehiBs bk I Gta co M PR it 8 15805 a7 0 s econd
| arger NG RHicR 31 in orPbutiERloN B RS DIEESL BT har o
or oss. <0itaeRAn G ShAEIrERLEY SauTernieies hnath tobitaBie PG ORI R  ont
source. (. The inpedance asuring, apparatus . for an electroni c conponent 4
NOV 2003 1’2’3""&&3&5?%‘@“@ e 255951a8ed Vil peif 1 eTnina) apd adiourth Spatast RH, and
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resistance R, . associated with said fourth terminal;

a current meter electrically connected in series with a current source between
the third and the fourth terminals as part of said current detection path, said current
source providing a current represented as I through said current meter;

a first resistor Ry, having one end connected to the current detection path
between said current meter and said third terminal and having an other end
coppected to the voltage detection paih between said voltage meter and said first
terminal;

a second resistor Ry, having one end connected to the current detection path
between said current meter and said fourth terminal and having an otber end
connected to the voltage detection path between said voltage meter and said second
terminal;

whereby said farst resistor Ry, and second resistor R, are larger than said
contact resistances Ry, Ryp, Rye, Ry such that a resistance R,, calculated by V/I is
substantially the same as a voltage across said device under test V,, due to the

current from said current source.

7. The impedance measuring apparatus for an electronic component




at least ten tines larger than larger than said contact resistances RH4NQV 2003
RLr, RHC, RLC. 8. The inpedance neasuring apparatus for an electronic
conponent according to Claim6, wherein a resistance neasurenent of said
device under test RM is characterized by the relationship: R =V / | =
Rd,, + RHCRHP 1(R,ac + RHP + RHO + RLCRLP/(RLC + RLp + RLI). 9. An

| npedance neasuring apparatus conprising: a voltneter connected between a
first termnal and a second term nal; an ameter connected in series with a
current source between a third termingd. and a fourth termnal; a first

resi stor connected between the first termnal and the third termnal; and

a second resistor connected between the second termnal and the fourth
termnal; wherein a current passing through said third termnal is greater
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I's connected to the fourth termnal. 11. The inpedance neasuring apparatus

for an el ectrgni c onipon nt . .
. ¢ impedance measuring apparatus for an electropic component

according to Claim 6, wherein a resistance measurement of said device under test R,,
js characterized by the relationship:

Ry = V/1I = Ry + RycRye /(Ryse + Ry + Rygy) + RicRp/A(Ryc + Ryp + Ryy)

9. Animpedance measuring apparatus comprising:

a voltmeter connected between a first terminal and a second terminal;

an ammeter connected in series with a currest source between a third terminal
and a fourth terminal;

a first resistor connected between the first terminal and the third terminal; and

a second resistor connected between the second terminal and the fourth
terminal;

wherein a current passing through said third terminal is greater than a current
passing through said first resistor; and

wherein a current passing through said fourth terminal is greater than a current

passing through said second resistor.

10.  The impedance measuring apparatus for an electronic component

according to Claim 9, wherein the first terminal is connected to the third terminal,




according to Caim10, wherein said first termnal is characterized b;z hﬁ]V 00
first contact resistance, said second termnal is characterized by a
second contact resistance, said third termnal is characterized by a third
contact resistance, and said fourth terminal characterized by a fourth
contact resistance. 12. The inpedance neasuring apparatus for an el ectronic
conponent according to Claim1l, wherein a resistance of the first
resistor is higher than the first contact resistance or the third contact
resi stance, and a resistance of the_ggcond resistor is higher than the
second contact resistance or the fourth contact resistance 13. The

| npedance neasuring apparatus for an el ectronic conponent according to
Claim12, wherein the resistance of the first resistor is at |east ten
times higher than the first contact, resistance or the third contact
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second contact resistance or the fourth contact resistance. 14. The

i npedance measuring apparatus for an el ectronic conponent according to
Claim9, wherein the first termnal is connected to the fourth term nal,
and the secohl t ekhs HapedancemaaudingdPParatusdor AR elecigpigichmponent

according to Claim 10, wherein said first texminal is characterized by a first contact
resistapce, said second terminal is characterized by a second contact resistance, said
third terminal is characterized by a third contact resistance, and said fourth terminal

characterized by a fourth contact resistance.,

12.  The impedance measuring apparatus for an electronic component
according to Claim 11, wherein a resjstance of the first resistor is higher than the first
contact resistance or the third contact resistance, and a resistance of the second

resistor is higher than the second contact resistance or the fourth contact resistance

13.  The impedance measuring apparatus for an electropic component
according to Claim 12, wherein the resistance of the first resistor is at Jeast ten times
higher than the first contact resistance or the third contact resistance, and the
resistance of the second resistor is higher than the second contact resistance or the

fourth contact resistance.

14.  The impedance measuring apparatus for an electropic component
according to Claim 9, wherein the first texminal is connected to the fourth terminal,

and the second terminal is connected to the third terminal.



